T was resistant to the antibiotic colistin and was positive for arginine and leucine arylamidase activity. Based on these characteristics, strain NR06 T differed from related described bacteria. Therefore, the name Parvibacter caecicola gen. nov., sp. nov. is proposed to accommodate the novel bacterium. The type strain of the type species is NR06 T (5DSM 22242 T 5CCUG 57646 T ).
The intestinal tract of mammals is host to one of the densest and most diverse microbial ecosystems on earth (Bäckhed et al., 2005) . Gut microbial ecosystems consist of fungi, protozoa, viruses, archaea and a tremendous variety of mostly anaerobic bacteria. Whereas diversity is limited at high taxonomic levels (only two bacterial phyla, the Firmicutes and the Bacteroidetes, usually cover .95 % of total 16S rRNA gene sequence diversity in distal parts of the gut), the number of different species exceeds 1000 per host (Qin et al., 2010) . Until recently, one major drawback of bacteriological studies of intestinal ecosystems was the difficulty in culturing most bacterial species in laboratories. Over the last twenty years, advances in molecular approaches have brought light into this so-called uncultured majority (Lepage et al., 2013) . However, the rush on using new molecular tools in gut microbiology has led to the misleading assumption that culturing bacteria is not worth the effort. Goodman et al. recently reported that .60 % of gut bacteria can actually be cultured in vitro (Goodman et al., 2011) . The isolation of new bacteria is essential in as much as it allows further characterization of functions of interest (Alain & Querellou, 2009) . Nevertheless, from an ecological point of view, it is clear that a pool of functions identified from cultivable strains is merely a proxy for community functions in the original environment (Ritz, 2007) . In addition to Firmicutes and Bacteroidetes, a substantial number of mammalian gut bacteria belong to the Proteobacteria and Actinobacteria. The family Coriobacteriaceae within the Actinobacteria includes Gram-positive type cells of strictly anaerobic bacteria. At the time of writing, this family comprises only 29 species belonging to 13 genera; four of the genera have been described recently: Adlercreutzia (Maruo et al., 2008) , the type species of which was isolated from human faeces; Asaccharobacter (Minamida et al., 2008) , from a rat caecum; Enterorhabdus (Clavel et al., 2009) , from the inflamed ileal mucosa of a mouse; and Gordonibacter (Würdemann et al., 2009) , from the colon of a patient with Crohn's disease. With the exception of species of the genera Atopobium, Collinsella, Eggerthella and Slackia, members of the family Coriobacteriaceae seem to belong to subdominant populations in the intestinal tract of most human subjects and rodents. However, Coriobacteriaceae carry out functions of importance to their host such as polyphenol conversion (Maruo et al., 2008; Clavel et al., 2009; Matthies et al., 2012) as well as bile acid and hepatic lipid metabolism (Ridlon et al., 2006; Claus et al., 2011) . Moreover, the occurrence of Coriobacteriaceae in the gut has been shown to depend upon host genotype (Benson et al., 2010) and certain members have been described in the context of bacterial infections and intestinal inflammation (Lau et al., 2004; Clavel et al., 2009; Würdemann et al., 2009; Clavel et al., 2010) . In that context, this study deals with the characterization of one bacterium isolated from the intestine of a mouse, which is proposed to belong to a novel genus within the family Coriobacteriaceae.
A caecal sample was collected from one male heterozygous TNF deltaARE C57BL/6 mouse fed a standard chow diet (animal use was approved by the local institution in charge: animal welfare authorization 32-568, Freising District Office). The working area and dissection set were cleaned and the mouse was copiously sprayed with 70 % (v/v) ethanol prior to dissection. Bacteria were cultured using Wilkins-Chalgren Anaerobe (WCA) agar (Oxoid). After autoclaving, the medium was allowed to cool in a water bath (55 u C) and was supplemented with autoclaved rumen fluid and filter-sterilized aqueous solutions of cysteine and DTT to a final concentration of 1 % (v/v), 0.05 % and 0.02 % (w/v), respectively. All steps were carried out in a VA500 workstation (Don Whitley Scientific) containing 85 % (v/v) N 2 , 10 % CO 2 and 5 % H 2 . The atmosphere was kept at 37 u C and 75 % humidity and was tested for anaerobic conditions using Anaerotest (Merck, cat. no. 1.15112.0001). All materials, including agar media, were brought into the workstation 24 h prior to isolation. Dilution series of the caecal sample (100 ml) were plated onto WCA using sterile glass beads. All single colony morphology types observed after six days of growth at 37 u C were streaked onto WCA to ensure purity. Cells were then transferred into WCA broth prepared using strictly anaerobic culture techniques (100 % N 2 ) (Attebery & Finegold, 1969) . Culture purity was examined by observing cell morphology after Gram-staining and colony morphology. DNA was extracted from washed bacterial cell pellets using the DNeasy Blood & Tissue kit (Qiagen), following the instructions for pre-treatment of Gram-positive bacteria. The 16S rRNA genes were amplified using primer 27F 59-AGAGTTTGATCCTGGCTCAG-39 and 1492R 59-GGTTACCTTGTTACGACTT-39 (Kageyama et al., 1999) . The annealing temperature was 56 u C. Amplicons were purified using agarose gel electrophoresis and the Wizard SV Gel and PCR Clean-Up System (Promega) and sequenced at GATC Biotech AG (Konstanz, Germany) using primer 27F, 338F 59-ACTCCTACGGGAGGCAGC-39, 609F 59-GGATTAGATACCCBDGTA-39, 907F 59-AAACTYAAA-KGAATTGACGG-39, 907R and 1492R. Sequences of organisms closely related to the isolated strains were obtained using the BLAST function of the NCBI server (Altschul et al., 1990) and The All-Species Living Tree Project (Yarza et al., 2008) . All sequences were aligned using the BioEdit software, version 7.0.5.3 (Hall, 1999) and the greengenes web application (DeSantis et al., 2006b; DeSantis et al., 2006a) . Percentages of similarity were calculated after unambiguous alignment of each isolated sequence with those of the most closely related species, using the DNA Distance Matrix function of the BioEdit software.
The partial 16S rRNA gene sequence obtained from one of the isolates, strain NR06 T , did not appear to correspond to any currently described organism. Detailed phylogenetic analysis revealed that this strain belonged to the family Coriobacteriaceae (Fig. 1 ). Sequences were aligned using the BioEdit software and the rooted tree was constructed using the Neighbour-Joining method (Saitou & Nei, 1987) in MEGA5 (Tamura et al., 2011) . All major groupings were confirmed using the maximum-parsimony (Fig. S1 , available in IJSEM Online) and the maximum-likelihood (Fig. S2 ) methods. The 16S rRNA gene sequence of strain NR06 T (1442 bp) (GenBank accession no. GQ456228) was characterized by the following percentages of similarity when compared with sequences available in public databases: .99 %, uncultured bacteria from the human and mouse intestine (GenBank accession no. EF099602; AM276097) (Turnbaugh et al., 2006; Kassinen et al., 2007) T did not belong to the genera Adlercreutzia, Asaccharobacter, Eggerthella and Enterorhabdus. Local BLAST analysis against partial 16S rRNA gene sequences (V1-V3 region) previously obtained from the caecum of five wild-type (n516 528 sequences) and five heterozygous TNF deltaARE (n518 379 sequences) C57BL/6 mice (Werner et al., 2011) suggested that strain NR06
T is a subdominant member of mouse caecal microbiota, i.e. no sequences matching that of strain NR06 T were found. Nevertheless, we cannot exclude that strain NR06
T and relatives belong to dominant communities in specific niches in the gut. The phylogenetic distances described above were confirmed by sequencing gyrB genes. These genes were amplified as described previously (Santos & Ochman, 2004) . Amplicons (approx. 1500 bp) were purified as described above for 16S rRNA genes and sequenced using primer gyrBBNDN1 59-CCGTCCACGTCGGCRTCNGYCAT-39 and gyrBBAUP2 59-GCGGAAGCGGCCNGSNATGTA-39. Based on the analysis of 524 bp, the gyrB gene sequence of strain NR06 T (GenBank accession no. GQ456226) was ¡80 % similar to that of Eggerthella lenta DSM 2243 T (EU594342), Enterorhabdus caecimuris DSM 21839 T (GQ409830) and Enterorhabdus mucosicola DSM 19490 T (EU594341). The phylogenetic position of strain NR06
T amongst members of the family Coriobacteriaceae, for which GyrB amino acid sequences are available, is shown in Fig. S3 .
In order to assess differences between strain NR06
T and its closest relatives at the whole cell biochemical level, cell suspensions were analysed using Fourier transform infrared T according to cluster analysis of FT-IR spectra. For each strain, spectra from independent cultures measured at different time points were more similar to one another than to spectra from other species, attesting to the robustness of the observed spectral variations between taxa. (FT-IR) spectroscopy. FT-IR spectroscopy relies on the absorption of IR radiation by cell components, which results in fingerprint-like spectra that reflect chemical cellular composition, allowing identification of closely related bacteria (Wenning et al., 2008) . Pure cultures were prepared as previously described (Clavel et al., 2009) . Suspensions were pipetted onto a zinc/selenide 96-well-plate, allowed to dry (20 min, 45 u C) and analysed by transmission using a TENSOR 27 spectrometer coupled with a HTS-XT high throughput device (Bruker Optics). The spectrum of each sample was computed from 32 scans. Spectral similarities were assessed by hierarchical cluster analysis using the OPUS software version 6.5 (Bruker). Clusters were calculated using the Ward's algorithm and vector normalized first derivatives (Savitzky-Golay algorithm) of the spectra in the range from 3000 to 2800 cm 21 and 1800 to 700 cm
21
. FT-IR spectra of strain NR06 T differed markedly from that of members of related genera, including Asaccharobacter and Enterorhabdus, indicating substantial differences in the overall chemical makeup of cells (Fig. 2) . Additional chemotaxonomic analysis of strain NR06
T included analysis of the peptidoglycan, menaquinones, cellular fatty acids, whole cell sugars and polar lipids. These analyses were performed at the Identification Service of the German Collection of Microorganisms and Cell Cultures (DSMZ, Braunschweig, Germany). Biomass for these analyses was obtained after batch culture (1.5 l) under anoxic conditions for 48 h in reduced WCA broth. Cells were washed once in PBS (5525 g, 15 min, RT) and stored at 220 u C prior to shipment. In contrast to Adlercreutzia equolifaciens DSM 18785 T or Asaccharobacter celatus DSM 19450 T , the main respiratory quinone in strain NR06
T was monomethylmenaquinone-6 (MMK-6; 76 %) and not dimethylmenaquinone-6 (DMMK-6; 24 %) or an unidentified quinone. The cellular fatty acid composition of strain NR06
T is shown in Table 1 . In contrast to members of closely related genera (Enterorhabdus, Asaccharobacter and Adlercreutzia), the main cellular fatty acids in strain were C 16 : 0 (26 % total fatty acids) and C 15 : 0 ISO (11 %). The polar lipid pattern of strain NR06
T also differed substantially from that of members of the genus Enterorhabdus (Fig. S4 ). Lipids were extracted from freezedried cells using a choroform : methanol : 0.3 % aqueous NaCl mixture modified after Bligh & Dyer (1959) and analysed by 2-dimensional thin layer chromatography (Tindall et al., 2007) . Polar lipids in strain NR06
T were phosphatidylglycerol, diphosphatidylglycerol, three phospholipids, four glycolipids and one unidentified lipid. Taking into account that strain NR06 T belongs to the family Coriobacteriaceae, the presence of meso-diaminopimelic acid as a diagnostic component of the peptidoglycan suggested that strain NR06
T is characterized by the peptidoglycan type A1c (the variations of peptidoglycan type A4c based on meso-diaminopimelic acid have been found Fig. 3 . Phase-contrast micrograph of strain NR06
T grown for 24h in reduced WCA broth. Bar, 10 mm. T. Clavel and others so far exclusively in members of the genera Brachybacterium and Dermabacter). Ribose, galactose and glucose were detected as whole cell sugars in cells of strain NR06 T .
For phenotypic characterization, all tests were performed as described previously, e.g. growth characteristics, motility, spore formation, antibiotic resistance and enzymic tests (Clavel et al., 2007; Clavel et al., 2009) . Microscopic observation revealed that strain NR06
T grew as single small straight rods (Fig. 3) . Results of the rapid ID 32 A, API 20A and Biolog tests are listed in the species description. The susceptibility of the isolate towards eleven antimicrobial substances was tested. Each antibiotic was tested in duplicate in three independent experiments and MIC breakpoints (mg ml 21 ) were expressed as means ±standard errors of those six replicates. Results are summarized in Table 1 . Strain NR06 T was resistant to colistin. The G+C content of DNA of strain NR06 T was 62.5 mol%, as determined by HPLC at the DSMZ according to standard methods (Cashion et al., 1977; Tamaoka & Komagata 1984; Mesbah et al., 1989) . This is in the range of values usually reported in the literature for closely related members of the family Coriobacteriaceae (56-67 mol%).
Based on these chemotaxonomic, genotypic and phenotypic analyses, strain NR06
T represents a novel species in a new genus of the family Coriobacteriaceae, for which the name Parvibacter caecicola gen. nov., sp. nov. is proposed. Traits that distinguish strain NR06
T from related species are given in Table 2 . Cells are aerotolerant Gram-positive rods that grow only under strictly anoxic conditions. Cultures in the stationary phase of growth are characterized by a typically low turbidity (¡0.5 McFarland standard). Spore formation and motility have not been observed. Major cellular fatty acids are C 16 : 0 and C 15 : 0 ISO. Galactose, glucose and ribose are detected as whole cell sugars. The principal respiratory quinone is MMK-6. The diamino acid in the peptidoglycan is meso-diaminopimelic acid. The major polar lipids are diphosphatidylglycerol, phosphatidylglycerol, three phospholipids, four glycolipids and one unidentified lipid. The genus Parvibacter belongs to the family Coriobacteriaceae and is distantly related to the genera Adlercreutzia, Asaccharobacter and Enterorhabdus (¡95 % similarity based on partial 16S rRNA gene sequence analysis). The type species is Parvibacter caecicola.
Description of Parvibacter caecicola sp. nov.
Parvibacter caecicola [ca.e.ci9co.la. N.L. n. caecum (from L. caecum intestinum caecum) caecum; L. suff. -cola (from L. n. incola) dweller, inhabitant; N.L. n. caecicola caecumdweller].
The species shows the following characteristics in addition to the aforementioned features of the genus. Cells are approximately 0.561.5 mm. Grows well in the temperature range of 25-37 u C. After 48 h of growth at 37 u C on WCA agar under anoxic conditions, colonies are circular, entire, pinpoint and grey. In the rapid ID 32 A test, positive result only for hydrolysis of the amino acid derivatives proline, phenylalanine, leucine, tyrosine, alanine, glycine and serine arylamidase. Negative result for urease activity, arginine dihydrolase, a-and b-galactosidase, a-and b-glucosidase, a-arabinosidase, b-glucuronidase, b-N-acetylglucosamine, mannose and raffinose fermentation, glutamic acid decarboxylase, a-fucosidase, nitrate reduction, indole production, alkaline phosphatase, as well as arginine, leucylglycine, pyroglutamic acid, histidine and glutamyl glutamic acid arylamidase. In the Biolog test, positive result for L-fucose, palatinose, a-hydroxybutyric acid, DL-lactic acid, D-lactic acid methyl ester, D-malic acid, pyruvic acid, pyruvic acid methyl ester, m-tartaric acid, L-methionine, L-phenylalanine and L-valine. Negative result for all additional substrates in the Biolog plate and for all reactions in the API 20A test. The type strain (NR06 T ) is resistant to colistin.
The type strain, NR06
T (5DSM 22242 T 5CCUG 57646 T ), was isolated from the caecal content of a 25-week-old male heterozygous TNF deltaARE C57BL/6 mouse suffering from ileitis. The DNA G+C content of the type strain is 62.5 %.
